This paper reports on the effect ofradiation on the nonspeific cytotoAicity of rat alveolar macrophages (AM). AM (effector cells) of bacille Calmette-Guerin-activated Wlstar rats were irradiated with "Co y rays in vitm to give doses of 0, 100, 300, and 500 Gy. Three hours after irradiation, the AM were cultured with human lung adenocaciDoma AGZY83-a and HeLa target cells in '2I-deyudd ne-wtnning media for 6 hr and the gctooxicity indexes determined. The results indicated that the cytotoaicity index ofAM against humanlung adenocarcinoma cells and HeLa cells were 94.3 ± 03% and 81.3 ± 1.9%, respectively. The cytotauicity indexes using aneffector/target cell rtio (I) of 10 seemed to be greater than with ratios of20 and 30. The cytotoxicity indexes of AM (7 rats), irradiated to give doses of 0, 100, 300, and 500 Gy, againstadenocardnomacell atanE/T ratioof 10 were 879 ± 84%, 65A ± 141%, 47.5 ± D.5%, and36.7 ± 9.7%, respectively. The nce ofthe nonspecific cykttocity ofAM in the mmunog iminatn oftumors and the inhibitory effect of radiation on AM cytotoxicity are discussed.
Introduction
Alveolar macrophages (AM) are mononuclear phagocytes that reside in the lungs. They are constantly exposed to inhaled pathogenic and/or carcinogenic particulate substances from the environment capable of affecting pulmonary functions.
It has been shown that the growth of lung tumor cells can be inhibited by activated AM both in vivo and in vitro. Thus, the in vitro cytotoxicity index ofactivated AM might reflect to a certain extent the in vivo tumoricidal property of AM and, if tumorbearing animals were treated with agents toxic to macrophages (silica, carrageenin, etc.), they would rapidly die of pulmonary metastasis (1) (2) (3) .
Evidence suggests that AM play a very important role in host defense against neoplasms and that they constitute an important defense mechanism against particles that reach distal airways. As with other particulate materials deposited in the alveoli, inhaled radioactive particles are readily phagocytized by AM, thus giving a high radiation dose to these cells. AM death has been observed as early as 1 hr after inhalation of 239PuO2 particles (4) .
It is expected that of the various cells types present in the lung, AM will be injured most seriously after inhalation of large amounts of radionuclides, and their immunological functions will be suppressed.
However, the inhibitory effect of immunological functions of AM after inhalation of radioactive particles has rarely been studied. As the radiation dose to AM depends on many biological parameters (clearance rate of inhaled particles, changes of renewal rate of AM under different conditions, etc.), the irradiated model of AM for the study of inhaled radioactive particles must be complex. In this study, an in vitro model of effects of radiation on AM was used. The aim ofthis work was to study the inhibitory effect of6Co y rays on the nonspecific cyotoxicity of AM and to find protective agents against the inhibition.
Materials and Methods
Wistar rats, 180-250 g, 50-90 days of age, were used in this study. Bacille Calmette-Guerin (BCG) was provided by the Institute of Biological Preparations, Ministry of Public Health, China, was diluted from 75 mg/mL to 15 mg/mL with normal saline solution after heat inactivation at 560C for 30 min, then stored at 40C.
RPMI-1640 medium (Gibco, Grand Island, NY) supplemented with 20% newborn calf serum was heat inactivated for 30 min at 56C and supplemented with penicillin (100 units/mL), streptomycin (100 Ag/mL), and 10 mM Hepes (Sigma, St. Louis, MO). '251-deoxyuridine (UdR) with a specific activity of7. Effect of "'Co "y Rays on Nonspecific Cytotoxicity of BCG-Activated AM in Vitro AM, activated by BCG, were very effective in killing both AGZY83-a cells and HeLa cells. The results of cytotoxicity determinations with doses of 100-500 Gy, using irradiated AM cultured at an E/T ratio of 20 after 3 hr precultitring ( Table 2 ), indicate that the CI ofirradiated AM decreased with increasing radiation dose. The inhibition was more pronounced in adenocarcinoma cells than in HeLa cells.
Additional studies of the inhibitory effect of radiation on the CI% ofBCG-activated AM against the AGZY83-a cell line were made with E/T ratios of 10, 20, and 30. The results are listed in Table 3 , showing a more severe effect at an E/T ratio of 10 than at 20 and 30.
To confirm the relationship between radiation and inhibition of CI% of BCG-activated AM, repeated determinations of the dose-response relationship were made on seven rats at an E/T ratio of 10, using AGZY83-a cells as the target. The results shown in Figure 2 were obtained. The CI% ofAM was about90% in the control group, and consistently decreased as the radiation dose increased from 100 to 500 Gy. With a dose of 500 Gy, a CI of only42% ofthe normal valuewas found. Thus, itis beyond doubt that the radiation-induced inhibitionof CI% is dose dependent.
Possible Protective Effect of Selenium on Radiation-Induced Inhibition of Cytotoxicity Index
The manifestation of oDtoxicity ofAM depends on cell membrane integrity. It is well known that selenium, as an important componentofglutathioneperoxidase (GSH-px), canpromotethe primary function ofGSH-px in vivo. Ithas also been shown that the unsaturated fatty acid or lipid components ofcell membranes form peroxides when irradiated in an aqueous system (S). Thus. Thus, the addition ofselenium to irradiated AM should protect the cell membrane from peroxidation, thereby maininin its integrity. To investigate this hypothesis, we carried out the following experiment.
One hour before irradiation, selenium (sodium selenite) at a concentration of 10 1sM was added to the control and irradiated AM cultures. Two hours after irradiation, the selenium was removed by aspiration and washing with Hank's balanced salt solution. Then the AM were suspended in RPMI-1640 complete medium, andthe CI% was determined. From Table 4 it can be seen that selenium has a protective effect on the inhibition ofCI % of irradiated AM as the CI increased from 14.8 to 43.3%. It appears that there is a definite correlation between cytotoxicity and integrity ofmembranes, and the intact membrane might be quite an important effector for the manifestation of nonspecific cytotoxicity of AM.
Discussion
AM are mononuclear phagocytes that locate anatomically at the interface between tissue and air. This kind ofphagocyte forms the first line ofdefense inthe respiratory system. AM inactivate toxic particles and play an important role in the anticancer process. The results described indicate that BCG-activated AM can kill HeLa cells and human lung adenocarcinoma cells. We also observed tumoricidal ability of AM, activated by BCG, when melanoma B-16 cells were used as a target. These results show that activated AM have the ability to kill or inhibit various kinds of tumor cells. It is an essential function of AM to defend the organism against tumors. The inhibition ofCI% was dependent on radiation dose to AM and on the E/T ratio. To illustrate the mechanism of radiation effect, the viability of AM was determined by the trypn blue exclusion method. This showed that 87% of the AM were viable in the control and 84-89% in the three irradiated groups. There was no difference in mortality of AM after irradiation. It seems that the inhibitory effect on CI was not caused by direct killing. It has been shown thatcytoplasmic and lysosomal membranes of AM were damaged following irradiation with 100-500 Gy y rays (6) , which might explain the decrease of CI% in irradiated AM. The preliminary results of the observation of a protective effect ofselenium on radiation-induced inhibition ofCI% at a dose of 300 Gy were of significance in illustrating the dependence of AM cytotoxicity on cell membrane integrity. It will be necessary to carry out further experiments to confirm this observation.
